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(54) Process control device 
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interface (14) to process control devices (20-22) which 
are adapted to differing field-bus protocols (18). The 
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control devices (20-22) adapted to differing field-bus 
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Description 

[0001 ] The present invention pertains to providing a standard interface to process control devices which are adapted 
to differing field-bus protocols. 

[0002] Industrial process control systems typically make use of a variety of devices such as temperature sensors, 
pressure sensors, and actuators. Such devices are hereinafter referred to as process control devices. In addition, 
industrial process control systems commonly make use of field-level control buses which are specialized for the process 
control environment. Such specialized buses include Profi-bus, LonTalk, SDS, and DeviceNet buses to name a few. 
Communication buses specialized for the processes control environment are hereinafter referred to as field-buses. 
[0003] Typically, one or more centralized controllers in such an industrial process control system are used to manage 
the process control devices. Such a centralized controller may be referred to as a programmable logic controller (PLC). 
A PLC is usually connected to one or more process control devices via one of the differing types of field-buses. A PLC 
typically includes a processor that executes a set of application code for communicating with and controlling the cor- 
responding process control devices. 

[0004] Typically, the application code in a PLC and the process control devices managed by the PLC are adapted 
to the communication protocol of the particular field-bus being employed. For example, a PLC that connects to process 
control devices via a Profi-bus typically executes application code that is adapted to the Profi-bus communication 
protocol. In addition, the process control devices connected to the Profi-bus are usually adapted to the communication 
protocol of the Profi-bus. Similarly, PLCs and process control devices connected together via an SDS bus are typically 
adapted to the SDS bus protocol. 

[0005] It is often desirable to integrate differing process control subsystems into a larger system. Such a situation 
may arise when two process control plants that use differing field-buses are merged. For example, one plant may have 
an existing Profi-bus based process control system while the other may have an existing SDS based process control 
system. It is usually desirable to provide a mechanism for communication between the two differing systems rather 
than perform an expensive retrofit of process control devices. 

[0006] One prior solution for providing communication between systems having differing protocols can be found in 
the field of computer networks in which protocol gateways are commonly used to translate between differing network 
protocols. For example, protocol gateways are commonly used to provide protocol translation between Ethemet net- 
works and token-ring networks. Such protocol gateways are typically well suited for communication between computer 
networks which merely exchange files and data. 

[0007] In contrast, a typical application program running on a PLC in a process control system performs real-time 
sampling and control of sensors and actuators in a precise manner in which many dependancies among the process 
control devices can exist. The specialized protocols of field-buses have evolved to meet these specialized needs. As 
a consequence, a protocol gateway between differing field-buses would likely be very complex and probably could not 
provide complete translation between protocols. Application programs in a system that included such protocol gateways 
would probably have to handle at least a portion of all of the field-bus protocols in use in the control system regardless 
of the existence of protocol gateways. 

[0008] For example, an application program for a system that included a Profi-bus connected to an SDS bus through 
a protocol gateway would typically have to handle both Profi-bus and SDS protocols to some extent. Moreover, if the 
system were to include a LonTalk bus with a corresponding protocol gateway then the application program would 
probably have to handle all three protocols to some extent. The complexities worsen as more and more differing types 
of field buses are integrated into the system through protocol gateways. Unfortunately, such complexities typically 
increase the time and cost of developing application programs in the system and increase the difficulty and cost of 
maintaining the process control system. 

[0009] In addition, providers of process control devices are confronted with the task of producing devices that are 
capable of communication over each of the wide variety of field-bus types in use. For example, the manufacturer of a 
particular temperature sensor designed for the SDS bus would usually develop permutations of the sensor adapted 
for the Profi-Bus and SDS buses if they wish to sell into industrial environments that use those types field-buses. 
Unfortunately, such design permutations typically increases manufacturing and development costs and maintenance 
costs of such process control devices. 

[0010] The present invention seeks to provide an interface to a process control device. 

[0011] According to an aspect of the present invention there is provided apparatus for providing a standard interface 
to a process control device as specified in claim 1 . 

[0012] According to another aspect of the present invention there is provided a process control system as specified 
in claim 8. 

[0013] The preferred method and apparatus provides a standard interface to process control devices which are 
adapted to differing field-bus protocols. It enables integration of process control devices adapted to differing field-bus 
protocols while avoiding the use of protocol gateways which would otherwise greatly complicate the task of developing . 
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process control application programs. In addition, it enables process system designers to integrate any type of process 
control device into a system regardless of the type of field-bus for which the process control device is adapted. It can 
also provide manufacturers of process control devices with a larger potential customer base without having to provide 
permutations of their process control devices adapted to the wide range of field-bus protocols. 
[0014] In an embodiment, a standard interface is provided by a mapper which includes a means for obtaining a set 
of information pertaining to the process control device wherein the information describes the process control device 
according to a predetermined device-oriented protocol that corresponds to the standard interface. The mapper further 
includes a means for enabling a process control application to access the Information using the predetermined device- 
oriented protocol. 

[0015] An embodiment of the present invention is described below, by way of example only, with reference to the 
accompanying drawings, in which: 

Figure 1 illustrates a system that provides an application controller with a standard interface to a set of process 
control devices that are adapted to the specialized protocol of a field-bus; 

Figure 2 illustrates a mapper which includes a mapping processor, a device-oriented interface, and a field-bus 
interface; 

Figure 3 illustrates an example process control system that enables process control applications executing on a 
set of application controllers to access process control device adapted to differing field-bus protocols through a 
standard interface. 

[0016] Figure 1 illustrates a control system 10 including a mapper 16 and an application controller 12. The mapper 
16 provides a standard interface having a device-oriented protocol 14 to a set of process control devices 20-22 that 
are adapted to a specialized protocol of a field-bus 18. 

[0017] The process control devices 20-22 each represent a process control device which is designed specifically for 
communication according to the predetermined protocol of the field-bus 18. For example, any one or more of the 
process control devices 20-22 may be a temperature sensor, a pressure sensor, or an actuator. In addition, any one 
or more of the process control devices 20-22 may provide multiple process control functions. 
[0018] The field-bus 18 represents any one of a number of field buses suitable for communication among process 
control devices. For example, the field-bus 18 may be embodied as a Profi-bus, a LonTalk, an SDS, a DeviceNet, an 
SDS bus, or any equivalent bus. If the field-bus 18 is a Profi-bus. for example, then the process control devices 20-22 
are each adapted to the Profi-bus communication protocol. Similarly, if the filed-bus 1 8 is an SDS bus, then the process 
control devices 20-22 are each adapted to the SDS protocol. 

[001 9] The application controller 1 2 includes a processor that executes application code for communication with and 
control of the process control devices 20-22. The application code executed by the application controller 12 is written 
under the assumption that the process control devices 20-22 conform to the device-oriented protocol 14. As a conse- 
quence, the application controller 1 2 and its application code can be designed and developed without regard to whether 
the field-bus 18 is a Profi-bus, or an SDS bus, etc. 

[0020] The device-oriented protocol 14 represents any standard device-oriented protocol that provides for multiple 
device channels and that defines a protocol that enables the application controller 1 2 to discover information about 
attached devices. One standard interface suitable for use as thQ device-oriented protocol 14 is the proposed IEEE 
1451,2 standard. The IEEE 1451.2 proposed standard specifies multiple channels for obtaining device variables and 
defines a format of information pertaining to each attached device. The information pertaining to a particular attached 
device describes the type of device, the data rate, units of measure and special triggering requirements, etc. 
[0021] The mapper 16 communicates with the process control devices 20-22 via the field-bus 18 using the prede- 
termined protocol associated with the field-bus 18. The mapper 16 provides functionality that enables the application 
controller 12 to communicate with the process control devices 20-22 using the device-oriented protocol 14 such that 
it appears to the application controller 1 2 that the process control devices 20-22 are devices that conform to the device- 
oriented protocol 14. In addition, the mapper 16 builds a set of information pertaining to each of the process control 
devices 20-22 according to the requirements of the device-oriented protocol 14, which in one embodiment is specified 
in the IEEE 1451.2 proposed standard 

[0022] Figure 2 illustrates the mapper 16. The mapper 16 includes a mapping processor 30, a device-oriented in- 
terface 34, and a field-bus interface 36, The mapping processor 30 maintains configuration information in a device- 
oriented interface database 32. 

[0023] The device-oriented interface 34 enables the mapping processor 30 to communicate with the application 
controller 12 according to the device-oriented protocol 14. The device-oriented interface 34 includes specialized cir- 
cuitry and control elements according to the type of device-oriented protocol. In one embodiment, the device-oriented 
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interface includes circuitry and control elements suitable to the IEEE 1451 .2 interface standard. 
[0024] The field-bus interface 36 enables the mapping processor 30 to communicate with the process control devices 
20-22 via the field-bus 1 8 according to the predetermined protocol of the field-bus 1 8. The field-bus interface 36 includes 
specialized circuitry and control elements for the field-bus 18. For example, if the field-bus 18 is an SDS bus, then the 

s field-bus interface 36 includes circuitry and control elements for connecting to an SDS bus and for communicating with 
the devices 20-22 using the SDS protocol. ' 
[0025] The mapping processor 30 uses the field-bus interface 36 to detect devices connected to the field-bus 1 8, i. 
e. the devices 20-22 and any other devices detectable according to the protocol of the field bus 18. The method used 
by the mapping processor 30 to detect devices connected to the field-bus 18 depends on the predetermined protocol 

10 of the field-bus 18. At the very minimum, each type of field bus protocol provides a method that enables the determi- 
nation of a device identifier for each connected device. The mapping processor 30 may obtain the device Identifiers, 
for example, by transferring polling or query messages or packets over the field-bus 18 through the field-bus interface 
36. The process control devices 20-22 each respond with their respective device identifiers. 
[0026] The mapping processor 30 builds a set of configuration information into the deviceoriented interface database 

IS 32. The configuration Information which the mapping processor 30 builds into the device-oriented interface database 
32 includes information that describes the process control devices 20-22 in terms of the device-oriented protocol 14. 
As a consequence, the fornnat of the configuration information in the device-oriented interface database 32 depends 
of the particular device-oriented protocol being used. In the case of the IEEE 1451 .2 standard, the configuration infor- 
mation in the device-oriented interface database 32 includes device-specific information and interface-specific infor- 

20 mation. 

[0027] The device-specific information in the database 32 includes a set of device-specific information for each of 
the process control devices 20-22 detected by the mapping processor 30. The device-specific information for a par- 
ticular process control device includes information such as the number of variables associated with the process control 
device, the update rate of the process control device, units of measure, triggering requirements, and calibration infor- 
ms mation. The number of variables associated with a process control device depends upon the particular device. In 
general, each variable associated with a process control device maps to a channel of the device-oriented protocol 14, 
For example, a particular process control device may measure both temperature and pressure. In such a case, the 
process control device would require two channels of the device-oriented protocol 14. 

[0028] The interface-specific Information in the device-oriented interface database 32 is configuration information 
30 associated with the device-oriented protocol 1 4. It includes information such as the number of channels of the device- 
oriented protocol 14 used up by the devices connected to the field-bus 18, as well as the data rate used for transfers 
between the application controller 12 and the mapper 16. For example, if the device identifiers retumed by the process 
control devices 20-22 indicate a single variable temperature sensor and a single variable pressure sensor, respectively, 
then the mapping processor 30 maps these to variables to the first two channels of the device-oriented interface 34. 
35 The mapping processor 30 maps the first two channels by writing the interface-specific configuration information in the 
device-oriented interface database 32 with appropriate values that indicate the first two channels are occupied by 
device variables. 

[0029] In one embodiment, the necessary information for building the information into the device-oriented interface 
database 32 is contained within the process control devices 20-22. The mapping processor 30 obtains the information 
40 directly from the process control devices 20-22 via the field-bus 18, For example, the mapping processor 30 may 
directly query the process control device 20 to obtain information such as device type, units of measure, data rate, 
triggering requirements, etc. 

[0030] In the alternative embodiment, the mapping processor 30 obtains the device-specific information for building 
the database 32 from a device dictionary 38. The device dictionary 38 contains a set of predetermined device-specific 

45 information which is tailored in terms of the device-oriented protocol 14 for each particular process control device 
supported by the mapper 1 6. The device dictionary 38 may be indexed by the device identifier for a particular process 
control device. For example, assume the process control device 20 returns a device identifier of "1 .7. 3. 1" in response 
to a query by the nnapping processor 30. The mapping processor 30 converts this device identifier into an Index for 
accessing device-specific information from the device dictionary 38. The mapping processor 30 then reads the device- 

50 specific information from the device dictionary 38 and writes It to appropriate entries in the device-oriented interface 
database 32. 

[0031] The device dictionary 38 may be embodied in a static or non-volatile memory. However the amount of infor- 
mation that must be stored in the device dictionary 38 can be quite large depending on the number of possible permu- 
tations of process control devices supported by the mapper 16 and the amount of information for each device required 
55 by the device-oriented protocol 14. 

[0032] Alternatively, a dictionary of device-specific information is contained on a dictionary server which is external 
to the mapper 1 6. For example, the dictionary server may be attached to the field-bus 18. A dictionary server attached 
to the field-bus 18 is made by the mapper 16 to look to the application controller 12 as another device that conforms 
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to the device-oriented protocol 1 4. As such, the application controller 1 2 updates the dictionary server attached to the 
field-bus 18 as new process control devices beconne available or are modified in terms of device-specific information. 
[0033] In another alternative, the dictionary server is coupled to an external network (not shown) which is accessible 
by the application controller 1 2. In such a case, the mapping processor 30 passes a dictionary request to the application 

5 controller 12 which causes the application controller 12 to retrieve the device-specific information from the external 
network server that contains the dictionary. The application controller 12 retrieves the information via the external 
network and passes the information to the mapping processor 30 which writes it into the database 32. 
[0034] The configuration information contained in the device-oriented interface database 32 is readable by the ap- 
plication controller 12. The mapping processor 30 receives a request for the information from the application controller 

10 1 2 through the device-oriented interface 34 and in turn reads the device-oriented database 32 and transfers the infor- 
mation to the application controller 12 through the device-oriented interface 34. In this way, the application controller 
1 2 determines or "discovers" what devices are attached, including the process control devices 20-22 and the dictionary 
server if present. 

[0035] In the case where the device-oriented protocol 14 is the IEEE 1451.2 standard, the application controller 12 
IS initially transfers a request for the interface-specific information to the mapper 1 6. In response, the mapping processor 
30 reads the interface-specific information from the database 32 and transfers it to the application controller 1 2 through 
the device-oriented interface 34. The application controller 1 2 examines the interface-specific information to determine 
which channels are being used by the mapper 16. The application controller 12 then issues requests for the device- 
specific information for each of the individual device channels being used. In response to each request, the mapping 
20 processor 30 reads the device-specific information from the database 32 and provides it to the application controller 
12 through the device-oriented interface 34. 

[0036] For example, the device-specific information in the database 32 may inform the application controller 12 that 
the process control device 20 Is a temperature sensor that provides units of Fahrenheit When the mapping processor 
30 obtains a temperature measurement from the process control device 20 via the field-bus 18 it in turn provides the 
25 measurement data to the application controller 1 2 using the particular channel allocated to the process control device 
20 on the device-oriented interface 34. 

[0037] In addition to the channels of the device-oriented interface 34 which are allocated to the process control 
devices attached to the field-bus 18, the mapping processor 30 allocates two additional channels, referred to as dic- 
tionary channels, for obtaining dictionary data from an external server through the application controller 12. A first of 

30 the dictionary channels, from the mapping processor 30 to the application controller 12, is used to request dictionary 
data from the external server. The mapping processor 30 requests the dictionary data for a particular process control 
device by transferring the device identifier for the particular process control device to the application controller through 
the first dictionary channel. The application controller 12 interprets the device Identifier received through the first dic- 
tionary channel as a request for dictionary data from an external server. After retrieving the requested dictionary data, 

35 in a manner described below, the application controller 12 transfers it to the mapping processor 30 through the second 
of the dictionary channels. 

[0038] The protocol of the particular field-bus 18 may support peer-to-peer communication between the process 
control devices 20-22. In prior art systems, the peer-to-peer communication was accomplished by attaching a config- 
uration device to the field-bus 1 8. The configuration device would include an interface for communication via the field- 
40 bus 1 8 and an application program that would setup the peer-to-peer communication by writing configuration Informa- 
tion into the process control devices 20-22. 

[0039] Unfortunately, the protocol for setting up such peer-to-peer communication varies among the types of fiekJ- 
buses 1 8. For example, with one type of field-bus, the application program on the configuration device writes appropriate 
information to address tables contained within each of the process control devices 20-22. Such a technique causes 
45 the process control device 20 to transfer its measurement data packets over the field-bus 18 with the address of the 
process control device 22 to accomplish peer-to-peer data transfer between the process control devices 20-22. Other 
types of field-buses use differing methods for setting up peer-to-peer transfers. 

[0040] The mapper 16 to provides application controllers with a standardized interface for setting up peer-to-peer 
communication among the process control devices 20-22. The mapper processor 30 when building the database 32 

50 and allocating channels of the device -oriented interface 34 allocates channels from the application controller 1 2 to the 
mapper 1 6 for use in writing configuration information to the process control devices 20-22 for use peer-to-peer com- 
munication. The application controller 1 2 transfers the configuration data through these channels of the device oriented 
interface 34 and the mapping processor 30 in turn writes the configuration data to the process control devices 20-22 
using the protocol of the field-bus 18. 

55 [0041] Table 1 shows the format of the interface-specific configuration information for an embodiment wherein the 
device-oriented protocol 14 is the proposed IEEE 1451.2 standard. The mapping processor 30 builds the information 
in the format shown into the device-oriented interface database 32. 
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[0042] Table 2 shows the format of the device-specific configuration information for an embodiment wherein the 
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device-oriented protocol 14 is the proposed IEEE 1451.2 standard. The mapping processor 30 builds the information 
in the format shown into the device-oriented interface database 32 either directly or by obtaining the information from 
the device dictionary 38 or a dictionary server. 
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[0043] Table 3 shows the format of the device-specific configuration information which is related to the calibration 
characteristics of process control devices for an embodiment wherein the device-oriented protocol 14 is the proposed 
w IEEE 1451.2 standard The mapping processor 30 builds the information in the format shown Into the device-oriented 
interface database 32 either directly or by obtaining the information from the device dictionary 38 or a dictionary server 
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40 [0044] Figure 3 illustrates an example process control system 40 that enables process control applications executing 
on a set of application controllers 60-62 to access process control device adapted to differing field-bus protocols through 
a standard interface. The three sets of process control devices 90-91, 100, and 110-112 shown are adapted to a set 
of differing field-buses 80-82, respectively. The field-buses 80-82 have differing predefined protocols for communication 
with their respective process control devices. In this example, the protocols of the field-buses 80-82 are the Profi-Bus 

45 protocol, the SDS bus protocol, and the LonTalk bus protocol, respectively. 

[0045] A set of mappers 70-72 enable the application controllers 60-62 to access the process control devices attached 
to the field-buses 80-82 through a standard device-oriented Interface without regard to the protocols of the field-buses 
80-82. In this example, the mapper 70 maps between the Profi-Bus protocol of the field-bus 80 and the device-oriented 
protocol 14 of the application controller 60. Similarly, the mappers 71 and 72 map between the SDS and LonTalk 

50 protocols of the field-buses 81 and 82, respectively, and the device-oriented protocol 14 of the application controllers 
61 and 62. 

[0046] The process control system 40 includes a host processor 50 which is in communication with the application 
controllers 60-62 via a communication network 52. The communication network 52 represents any standard commu- 
nication network suitable for communication among a variety of types of computers such as an Ethernet network. The 
55 host processor 50 uses the communication network 52 to monitor the status of all the devices and applications in the 
process control system 40. 

[0047] A dictionary server 1 1 4 coupled to the field-bus 82 contains the device-specific information pertaining to the 
process control devices 110-112 that enables the mapping processor in the mapper 72 to build the deviceoriented 
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interface database in the mapper 72. The mapper 72 reads the dictionary server 114 using the LonTalk protocol. In 
addition, the mapper 72 makes the dictionary server 114 appear to the application controller 62 as a device that con- 
forms to the device-oriented protocol 1 4. As such, the application controller 62 can write dictionary data to the dictionary 
server 114 using the device-oriented protocol 14. 
s [0048] A dictionary server 54 coupled to the communication network 54 contains a dictionary of device-specific In- 
formation that enables the mapping processors in the mappers 70-71 to build device specific information In their re- 
spective device-oriented interface databases. The mappers 70-71 obtain the device-specific information for particular 
process control devices with the aid of the application controllers 60-61 . 

[0049] For example, the mapper 71 and the application controller 61 make use of the two dictionary channels on 
10 their device-oriented interface to obtain dictionary data from the dictionary server 54. The application controller 61 
includes circuitry and software for communication over the network 52. The application controller 61 in response to a 
request for dictionary data from the mapper 71 via the first dictionary channel retrieves the requested information from 
the dictionary server 54 and transfers the information to the mapper 71 through the second dictionary channel. 
[0050] The disclosures in United States patent application no. 08/904,364, from which this application claims priority, 
15 and In the abstract accompanying this application are incorporated herein by reference 



Claims 

20 1 . Apparatus for providing a standard interface to a process control device (20) which is adapted to a predetermined 
field-bus protocol of a field-bus (18), comprising: 

means for obtaining a set of information pertaining to the process control device (20) wherein the information 
describes the process control device (20) according to a predetermined device-oriented protocol (14) that 
25 corresponds to the standard interface; 

means for enabling a process control application to access the information using the predetermined device- 
oriented protocol (14). 

2. Apparatus as in claim 1 , wherein the obtaining means is operable to obtain information directly from the process 
30 control device (20) via the field-bus (18) using the predetennined field-bus protocol or to obtain the information 

from a dictionary (38) that contains multiple sets of information pertaining to differing types of process control de- 
vices. 

3. Apparatus as in claim 2, wherein the dictionary (38) is stored on a dictionary server (114) which is accessible via 
35 the field-bus (18) or which is accessible via an external network (52). 

4. Apparatus as in claim 1 , 2 or 3, comprising means for using the standard interface to transfer a set of peer-to-peer 
configuration information into the process control device (20). 

40 5. Apparatus as in any preceding claim, comprising: 

means for generating a set of interface-related information that specifies at least one channel of the standard 
interface to be used for communication with the process control device (20) according to a predetermined 
device-oriented protocol (14); 

"^5 means for enabling the process control application to access the interface-related information using a prede- 

termined device-oriented protocol (14). 

6. Apparatus as in claim 5, wherein the channel is used by the process control application to read or to write data 
from the process control device. 

50 

7. Apparatus as in claim 5 or 6, wherein the interface-related information specifies a set of dictionary channels to be 
used for obtaining information pertaining to the process control device (20) from an external dictionary server (54). 

8. A process control system comprising: 

55 

a set of process control devices (20) coupled to a field-bus (18), wherein each process control device (20) is 
adapted to a predetermined protocol of the field-bus (18); and 

a mapper (16) operable to enable an application controller (12) to access the process control devices (20) as 
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if the process control devices (20) contormed to a standard interface having a predetermined device-orientated 
protocol (14). 

9. A process control system as in claim 8, wherein the mapper (16) comprises: 

a field-bus interface (36) for enabling access to the process control devices (20) via the field-bus (18) using 
the predetermined protocol ofthe field-bus (18); 

a device oriented interface (34) for enabling communication with the application controller (12) using the pre- 
determined device-oriented protocol (14); 

a database (32) for holding a set of information pertaining to the process control devices (20) which describes 
the process control devices (20) in terms ofthe predetermined device oriented protocol (14); 
a mapping processor (30) for building the information in the database (32) and for enabling access to the 
information by the application controller (12) via the device-oriented interface. 

10. A process control system as in claim 9, wherein the mapper (16) comprises a device dictionary (38) containing 
multiple sets of information pertaining to differing types of process control devices from which the mapping proc- 
essor (30) builds the database (32). 

11. A process control system as in claim 9 or 10 comprising a dictionary server (114) coupled to the field-bus (18) or 
to an external network (52), wherein the dictionary server (114) contains multiple sets of information pertaining to 
differing types of process control devices from which the mapping processor (30) builds the database (32). 

1 2. A process control system as in claim 9, 1 0 or 1 1 , wherein the mapper (16) is operable to generate a set of interface- 
related information that specifies at least one channel ofthe standard interface to be used for communication with 
each process control device (20) according to a predetermined device-oriented protocol (14) and to enable the 
application controller (12) to access the interface-related information using the predetermined device-oriented 
protocol (14). 

13. A process control system as in claim 12, wherein one of the channels is used by the application controller (12) to 
read, to write data or to write peer-to-peer configuration data from the corresponding process device (20). 

14. A process control system as in claim 12 or 13, wherein the interface-related information is operable to specify a 
set of dictionary channels to be used by the application controller (1 2) and the mapper (1 6) to communicate infor- 
mation pertaining to the process control device (20) obtained from an external dictionary server (54). 
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